The objective of this work is to develop an environmentally friendly method for preparation of ZnO nanocomposites. ZnO nanocomposites were prepared by three natural fibers such as coir, sawdust, and chitosan using aqueous solution of zinc chloride and sodium hydroxide. The functional groups of ZnO, C=O for polysaccharide, and N-H bending vibration of amine were confirmed by FTIR spectroscopy. A new high intensity absorption band has been observed at 424 cm −1 which corresponds to the E 2 mode of hexagonal ZnO. The crystallinity and phase formation of coir, chitosan, and sawdust combined ZnO nanocomposites were confirmed by X-ray diffraction patterns. XRD patterns revealed the polycrystalline nature of ZnO composites belonging to the hexagonal phase with (101) preferential lattice orientation. The microstructural parameters were calculated for coir, chitosan, and saw wood combined ZnO composites. Also texture coefficients were estimated for all the diffraction lines of ZnO based nanocomposites. SEM and TEM analyses confirmed evenly distributed nanosized grains in the ZnO composites. The UV-Vis absorption spectra were observed where the blue shift absorption peak was at 334 nm. The optical band gap values were estimated in the range of 3.18-3.26 eV. The emission peak was observed at ∼388 nm and ∼463 nm by photoluminescence spectroscopy.
Introduction
The ecofriendly chemical route preparation is a modern research trend for global warming prevention. In this work is an initiative to concentrate the synthesis of metal oxides using biological waste. The various types of metal oxide nanoparticles, such as zinc oxide nanoparticles (ZnO), have accomplished tremendous attention and have been widely utilized in a variety of applications including optical materials, cosmetics, functional devices, catalysts, and UV-absorbers. ZnO is a wide band gap (3.37 eV) semiconductor, which has been extensively investigated for various applications such as transparent conductive coatings [1] , electrodes for dyesensitized solar cells [2] , and gas sensors [3] . The wide band gap makes ZnO a good candidate for blue optoelectronic applications and their large exciton energy makes it possible to employ excitonic recombination process as lasing mechanism. Synthesis of ZnO nanoparticles in aqueous solution has advantages like simplicity, low cost, lower reaction temperature, and soluble materials whose surface functionalization can be investigated. Recently, template-free solvothermal approach was employed for fabrication of large-scale olivelike ZnO nanoparticles which exhibit a very strong ultraviolet emission centered at 383 nm and a weak green luminescence emission at around 522 nm [4] .
Natural fibers used as biocomposite fillers have received much interest in offering notable advantages over synthetic fibers [5] , in addition to being of low cost, environmentally 2 Journal of Nanomaterials friendly, renewable, and biodegradable, as well as having a low density [5] . Coconut coir cut fiber is the remaining waste product when long fibers are extracted from coconut husk. It constitutes the short fibers and mesocarp pith of coconuts. Because coir dust has many characteristics, such as high water-holding capacity and slow decomposition, it has been extensively used as an environmentally friendly substitute for natural peat in potting media [6] . Sawdust is an inexpensive, widely available, and abundant natural material. It has been reported to exhibit ion exchange and complexion properties for the heavy metals. Sawdust has received particular attention as an economical adsorbent for removing zinc (II) ions from aqueous solutions due to its abundance, being easily available, and being of low cost. Furthermore, it will be a step ahead towards exploring the possibility on the use of waste biomass for industrial waste water pollution management. Chelating ability of chitosan with metals has been widely exploited for preparation of metal complexes [7] and metal composites [8] . Compared to other metal ions, chitosan has higher ability to form metal complexes with zinc metal [9] .
Chitosan is actually containing heteropolymer of glucosamine and acetylglucosamine units. Hybrid materials based on chitosan along with oxide materials have been developed in recent years, due to excellent properties of individual compounds and outstanding synergistic effects simultaneously. Due to the biocompatibility, biodegradability, nontoxicity, and absorption properties of chitosan, chitosan protected nanoparticles can be easily integrated into systems relevant to pharmaceutical, biomedical, and biosensor applications [10] . Recently, Malini et al. [11] have successfully synthesized nanocomposite chitosan/ZnO membrane using chitosan membrane as well as green-synthesized nano-ZnO for antimicrobial properties. Currently, chitosan-ZnO complex attracted great importance for its potential use as an UV protector and antimicrobial activity [12] . ZnO nanostructures have considerable research interests due to their low cost, easy availability, and biocompatibility and possibility of performing surface modifications with different functional groups. Díez-Pascual and Díez-Vicente [13] reported the preparation of PHB-based bionanocomposites incorporating different contents of ZnO nanoparticles via a solution casting technique. They have demonstrated the dispersion of nanoparticles within the biopolymer without any surfactants or coupling agents. Azizi et al. [14] claimed dispersed cellulose nanocrystals/zinc oxide (CNCs/ZnO) nanocomposites as bifunctional nanosized fillers into poly(vinyl alcohol) (PVA) and chitosan (Cs) blend using a solvent casting method to prepare PVA/Cs/CNCs/ZnO bionanocomposites films.
This attempt was made to prepare ZnO using three different natural fibers like coir, sawdust, and chitosan using aqueous chemical bath comprising zinc chloride and sodium hydroxide as precipitant. The prepared samples are analysed using Fourier transform infrared spectroscopy (FTIR), Xray diffraction (XRD), UV-Vis spectroscopy, scanning electron microscopy (SEM), transmission electron microscopy (TEM), and photoluminescence spectroscopy (PL) techniques.
Nanocomposites Preparation and Characterization Details
The coir-ZnO, sawdust-ZnO, and chitosan-ZnO nanocomposites were prepared using chemical sol-gel route. The analytical grade chemical source was used in preparation process. The double distilled deionized water was used in the solution bath. The coconut coir fibers were collected from the waste of coir industry. The dust particles were removed and washed in double distilled deionized water 3 times and dried in the sunlight for 5 days. The fibers were again cut into small pieces, ground well in the mortar, and dried in the hot air oven at 60 ∘ C for 30 min. Coir powder (0.5 g) was dispersed in the 50 ml of water and heated up to 70 ∘ C for 30 min in the magnetic stirrer. Then, 50 ml of 25% ZnCl 2 solution was added and heating continued at 70 ∘ C for 60 min. The insoluble coir residue was filtered off using fine stainless steel mesh. 50 ml of 25% NaOH was added slowly at the rate of 5 ml/min. The white color precipitate was formed and it could settle down within 24 hours. The prepared particles were washed 10 times using 500 ml of deionized water and then filtered. Finally, the water was separated using suction pump and dried in an oven at 110 ∘ C for 2 hours and then sample was designated as coir-ZnO.
Sawdust has been collected from sawmill without any other contamination or impurities. The particles dried in the direct sun light for 5 days and were sieved in the fine mesh, ground well in the mortar, and dried in the oven at 60 ∘ C for 30 min. Sawdust powder was dispersed in the 50 ml of water and heated up to 70 ∘ C for 30 min in the magnetic stirrer. Then, 50 ml of 25% ZnCl 2 solution was added and heating continued at 70 ∘ C for 60 min. The burette solution of 50 ml 25% NaOH was added slowly until white color was formed. This precipitate will be taken to settle down for 24 hours. The settled down precipitate was washed using 500 ml of deionized water until the impurities were removed well. The collected precipitate was filtered using microfilter and it has been separated out using suction pump. The final product was dried in an oven at 110 ∘ C for 2 hours and then sample is designated as sawdust-ZnO.
The chitosan-ZnO nanocomposites were prepared using the following experimental procedure. The commercially available chitosan was purchased for the synthesis process. It was extracted from crustacean exoskeletons, having an average molecular weight of 180 kDa with 90% deacetylation. 0.5 grams of chitosan was dispersed in the 50 ml of water with continuous stirring. The solution mixture was heated up to 70 ∘ C for 30 mins with the stirring. Thereafter 25% ZnCl 2 solution was mixed with chitosan solution bath and heating process continued for 60 mins. The insoluble chitosan has been removed using stainless steel mesh filtration process. 50 ml of 25% NaOH was added slowly using burette until the precipitate formation in the solution bath. This precipitate was took 24 hours to entirely settle down in the bottom of beaker. The prepared particles were washed several times using double distilled deionized water and then filtered. At the end of the process, the product was separated using suction pump and dried in an oven at 110 ∘ C for 2 hours.
Fourier transform infrared spectra were recorded using Thermo-Nicolet-380 Madison, USA model. The structural studies were performed using an X-ray diffractometer (X'Pert PRO PanAlytical diffractometer) of Cu K radiation ( = 0.154 nm). The morphological properties were analysed using scanning electron microscope with a model Hitachi-S3000 H, Japan. The absorption spectra were taken using UVvisible spectrophotometer (2401 PC model; Shimadzu, Kyoto, Japan). The photoluminescence spectra were recorded on Perkin Elmer LS 55 Luminescence spectrometer with excitation at 325 nm.
Results and Discussions
Fourier transform infrared spectroscopy (FTIR) analysis is used to identify the functional groups of prepared composites. FTIR spectra of coir-ZnO, sawdust-ZnO, and chitosanZnO composites are presented in Figure 1 corresponding to the O-H stretching mode of the hydroxyl amine group. The C-H stretching vibration peak is exhibited at 2926 cm −1 and this peak is slightly shifting towards higher wavenumber for sawdust-ZnO and chitosan-ZnO composites. The functional peak is observed at 1630 cm [15, 16] . Along with these peaks, a new high intensity absorption band was observed at 424 cm −1 which corresponds to the E 2 mode of hexagonal ZnO (Raman active) [17] . All the three samples show the characteristic peaks of ZnO. This shift in the frequencies confirmed the formation of bond to natural fibers with ZnO in the nanocomposites. Figure 2 shows the XRD patterns of coir-ZnO, sawdustZnO, and chitosan-ZnO composites. The observed peaks are indexed with standard hexagonal structure (JCPDS-36-1451). The predominant peak orientation of (101) lattice plane is observed in all the ZnO composites as shown in Figure 2 . Also, lattice planes (100), (002), (102), (110), (103), (200), (112), and (201) are observed in these ZnO nanocomposites. The peak intensities are slightly varied with type of natural fibers mixture in ZnO. This has confirmed that the formation of ZnO compound is accelerated and different properties have been enhanced due to the novel natural fibers combination. The sharper and higher intense peak is observed for sawdust-ZnO composites which may be due to highly ordered sawdust-ZnO formations. Also other peak intensities are slightly varied with respect to the other combinations as shown in Figure 2 . We have further investigated the intercrystalline nature and microstructural properties of nanocomposites. The crystallite size is calculated using Debye-Scherer's formula to find out the microstructural characteristics [18] . The crystallite size is estimated at 19 nm for coir-ZnO nanocomposites. The crystallite size is increased with respect to the natural fibers as shown in Figure 3 . The crystallite size value is increased to 28 nm for sawdust-ZnO and 23 nm for chitosan-ZnO samples. This may be due to XRD peak width and intensity variations. The calculated crystallite size values are provided in Table 1 . The microstructural properties were estimated using relations (1) and (2) for ZnO based nanocomposites [19] . The microstrain ( ) values were calculated using
and their dislocation density ( ) values were estimated using the following relation:
where " " is microstrain, " " is dislocation density, " " is lattice constant, " " is crystallite size, " " is FWHM, and " " is wavelength of X-ray radiation. The estimated microstrain values are at 4.50 × 10 −3 , 2.48 × 10 −3 , and 3.32 × 10 −3 for coir-ZnO, sawdust-ZnO, and chitosan-ZnO nanocomposites, respectively, and are tabulated in Table 1 . The dislocation density variations with respect to nanocomposites are shown in Figure 3 . The dislocation density values are indirectly proportional to the crystallite size values. The minimum value of dislocation density value is exhibited for sawdust-ZnO nanocomposites. The observed dislocation density values are 2.80, 1.25, and 1.91 × 10 15 lines/m 2 for coir-ZnO, sawdustZnO, and chitosan-ZnO nanocomposites, respectively. The dislocation density represented the lattice misfit and strain of the composites.
The texture coefficient ( ) was calculated using the following expression: where 0 represents the standard intensity, is the observed intensity of (ℎ, , ) plane, and is the reflection number. The texture coefficient of different lattice planes of ZnO based composites is shown in Figure 4 . The predominant plane orientation of the film has high texture coefficient value. The variation of texture coefficient of coir-ZnO, sawdustZnO, and chitosan-ZnO nanocomposites along with various crystallographic planes such as (100), (002), (101), (102), (110), (103), (200), (112), and (201) is shown in Figure 4 . The texture coefficient is found to be higher for the predominant plane (101) than for other planes such as (100) and (002). Also, the texture coefficient along (101) plane is found to be slightly varied with natural fibers combinations. The texture coefficient higher than 1 indicates preferential orientation and also indicates the abundance of grains in a given (ℎ, , ) direction. From the estimated texture coefficients, the highly textured crystalline nature is exhibited for sawdust-ZnO nanocomposites.
Journal of Nanomaterials The surface morphology and size distribution of coirZnO, sawdust-ZnO, and chitosan-ZnO nanocomposites are shown in Figures 5(a)-5(c) , respectively. The irregular rodlike morphology has been observed in coir-ZnO nanocomposites and also some places; agglomeration is exhibited in Figure 5 (a). Some voids and hillocks are observed in coir-ZnO composites. The uneven fine grains distribution is observed in sawdust-ZnO nanocomposites ( Figure 5(b) ). The sizes of the grains are observed at ∼150-200 nm. The smaller grains are linked together and formed larger grains in chitosan-ZnO nanocomposites (SEM micrograph) as shown in Figure 5 (c). Moreover larger grains can improve microstructural properties of chitosan-ZnO composites. Also some irregular morphology is observed at the corner of the micrograph.
The size of the grains for coir-ZnO, sawdust-ZnO, and chitosan-ZnO nanocomposites are analysed by TEM as shown in Figure 6 . From Figure 6(a) , the irregular rodlike structures of particles are agglomerated in coir-ZnO nanocomposites. These results clearly indicated that the composites are exhibited in nanosize. The samples of sawdustZnO and chitosan-ZnO nanocomposites (Figures 6(b) and 6(c)) show the obvious boundary of rod-and cube-like structures, which appeared in the range of nanometer scale. This is in good agreement with the calculated crystallite size of nanoparticles using Debye-Scherer formula.
The study of UV-Vis absorption is an important tool for the evaluation of the changes in the prepared semiconductor materials. The absorption first decreases rapidly in ultraviolet region and then in the visible region it has saturated linearly with small slope. The absorption as function wavelength for coir-ZnO, sawdust-ZnO, and chitosan-ZnO nanocomposites is shown in Figure 7 . The absorption peaks are observed at 281, 295, 301, 322, and 334 nm in UV region. The observed absorption peak of 281 and 301 nm is corresponding to the coir-ZnO and chitosan-ZnO composites as shown in Figure 7(a and b) . Also 295, 322, and 334 nm position peaks are related to chitosan-ZnO (Figure 7(c) ). The presence of zinc oxide in composites is represented and the peak position is lower than that of the macrocrystalline ZnO absorption of 372 nm [20] . This blue shift in the excitation absorption clearly indicates the quantum confinement property of ZnO nanocomposites [21] . The band gap energy (eV) of the nanocomposites was determined by substituting the value of the absorption peak at a given wavelength in the following equation: The optical band gap of coir-ZnO, sawdust-ZnO, and chitosan-ZnO nanocomposites was estimated using optical absorption data derived from optical measurements. The band values are obtained by extrapolating the linear portions of the plots (ℎ]) versus ( ℎ]) 2 to the energy axis. It is observed that the prepared ZnO based nanocomposites exhibit direct transition. The optical band gap variations with respect to the nanocomposites are shown in Figure 8 . The band gap values are estimated to be varying between 3.18 eV and 3.26 eV and it is also observed that band gaps are found to increase with combination of fibers.
Room temperature photoluminescence (PL) spectra were recorded to study the emission characteristic of prepared coir-ZnO, sawdust-ZnO, and chitosan-ZnO nanocomposites ( Figure 9 ) [22] . From the spectra, ZnO has a strong UV emission band at 388-391 nm (3.25 eV) and a very weak green emission band at 461-463 nm (2.67 eV), which was attributed to the recombination of free excitations through an excitonexciton process [23] . The visible light (VL) luminescence band in the range 450-700 nm is related to defects and oxygen 
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Chitosan-ZnO Coir-ZnO vacancies in nanomaterials [24] . The PL spectra of ZnO nanoparticles, excited by a UV laser at room temperature, usually have two emission bands. One is in the UV region, which is attributed to the near-band-edge emission through excitonexciton collision processes. The other is in the visible region and presumably comes from the electron-hole recombination at a deep level (DL) emission in the band gap caused by intrinsic point defects and surface defects, for example, oxygen vacancies, zinc interstitials, and the incorporation of hydroxyl groups in the crystal lattice during solution growth [25] .
There are several proposed mechanisms for the DL emission of ZnO. Though the oxygen vacancies happen in three different charge states, the neutral, the singly ionized, and the doubly ionized states, the singly ionized oxygen vacancies (VO þ) are responsible for the green luminescence in the ZnO. In our proposed mechanism for the PL enhancement, the existence of natural fibers plays a very significant role. One would expect that, in the variations of natural fibers, the electron recombination can be easily accessed due to the band alignment as shown in Figure 9 . The luminescence properties have been suppressed compared with pure ZnO which is due to the natural fibers presence [26] . It is interesting that the band gap emission is quenched with the natural fibers, which is in good agreement with our prediction. Thus, it is fair to conclude that the detraction of the band gap emission in ZnO nanocomposites is dominated by the natural fibers. The origin of the violet emission at ∼424 nm and 487 nm could be ascribed due to the transition occurring from Zn interstitials (Zn i ) to the valence band, and the peak of 424 nm may be the result of the singly ionized oxygen vacancy (Vo) [27, 28] . Therefore, the PL peaks of the nanocomposites were observed close to ZnO. Typical PL spectrum of nanostructured ZnO has been previously reported [29] . Earlier, Lin [30] et al. have reported a strong UV emission peak at 487 nm (2.54 eV). A very small shoulder occurs at ∼361 nm (3.43 eV) due to bandedge transition of the ZnO nanocrystals [30, 31] . Hence, the band gap energy of the nanocomposites is slightly shifted and it could be attributed to the existence of fiber combination of the nanocomposites.
Conclusions
With the comparison of earlier preparation methods, we have presented ecofriendly, nontoxic, abundant availability and reliable way of synthesis of ZnO nanocomposites. The prepared nanocomposites functional and structural properties were studied by FTIR and XRD analysis. The microstructural parameters and texture coefficients of the ZnO nanocomposites were measured. Morphological properties and sizes of the grains were explored by SEM and TEM studies. The optical band gap of the nanocomposites was estimated and presented in detail. The blue shift absorption was observed in the UV-spectra and also PL spectra represented the excellent luminescent properties in UV and visible region, which is expected to be a promising material for future UV emission applications. Our approach is believed to be applicable to many other semiconductor materials for the ecofriendly route preparation of metal oxide nanocomposites with novel properties.
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